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(57) ABSTRACT 

An LED arrangement which produces a color temperature 
adjustable white light. The LED arrangement includes one 
or more white LEDs and a first drive circuit operable to 
supply a first drive current to the one or more white LEDs 
such that a white light is output at a desired intensity. The 
LED arrangement further includes one or more colored 
LEDs arranged such that a light output from the one or more 
colored LEDs combines with the white light to produce a 
resultant light having a desired color temperature. The 
colored LEDs are driven by a second drive circuit which 
supplies a second drive current to the one or more colored 
LEDs such that a colored light is output at a desired 
intensity, the intensity of the colored light output from the 
one or more colored LEDs being adjustable so as to adjust 
the color temperature of the resultant light. 

46 Claims, 6 Drawing Sheets 
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APPARATUS AND METHOD FOR varies even slightly, the color temperature of the white light 

ADJUSTING THE COLOR TEMPERATURE will exhibit unwanted fluctuations. 
OF WHITE SEMICONDUCT OR LIGHT One method for dealing with this problem is to adjust the 

EMITTERS LEDs for as pure a white light output as possible, and then 

5 correct for color temperature using tinted filters. This 

CROSS REFERENCE TO RELATED method ameliorates the color shift problem, but results in 

APPLICATION significant light losses. 

The second method for generating white light is to use a 

This application claims the benefit and priority of US. special type of LED which produces a white light output. 

Provisional Application Ser. No. 60/230,265 filed Sep. 6, This special LED produces a white light output by coating 

2000 entitled "A METHOD FOR ADJUSTING THE ^ cm ^™ ^ of a ^ blurLEDwT! 

??r\^\^^ TVKE ° F SEMIC0KDUCT0R Pbosphor^hich emits yeltow light. The yellow light is 

LIGHT EMITTERS . emitted as a secondary emission as a result of the phosphor 

FIFI D OR THF INVENTION eXcited bv P hot0ns bom me blue LH> junction. 

FIELD OF THE INVENTION „ The spectral output of these devices shows a very high 

The present invention relates to a semiconductor light output at the wavelengths in the blue end of the spectrum 
emitting diode (LED) array. In particular, the present inven- a moderate spike in the output at the wavelengths near 
tion relates to a semiconductor LED array which is adjust- me y*Uow portion of the spectrum. Thus, the overall output 
able by a user for the selection of a desired color tempera- °f the device is a white light with a relatively high color 
ture. Also, the present invention relates to a method of 20 temperature. Such high temperature white LEDs are avail- 
selecting a desired color temperature from an array of LEDs. able from Nichia Chemical Corporation. These white LEDs 

are available over a range of color temperatures from 5000 

BACKGROUND OF THE INVENTION deg. K to 8500 deg. K. To obtain lower color temperatures 

— . . - ,. . . . „ . . so as to approximate the light from an incandescent lamp, 

The color terr^rature of hgfct is typically measured in L a ^ temperature Tabout 3600 deg. K, a coto 
degrees Kelvin (K). This measurement system was first 25 wto its attendant light losses mus7 be used, 

adapted to measure the temperature of stars. With this color _ * . 77 _T 

temperature scale, the colder the light, the higher the degrees ^fore, there remains a need for a white light LED 
K, Le., the hotter the star, the bluer the h^hToutput Tins is simple and can be easily adjusted to produce a 

temperature scale is also used to measure the light output of **** ^ of a deared ^ temperature, 
other light sources, such as incandescent bulbs, fluorescent 30 SUMMARY OF THE INVENTION 

lamps and LEDs, to name a few. The present invention provides an LED arrangement 

To provide the proper contrast for items in an individual's which produces a color temperature adjustable white light, 

viewing environment, it is desirable to have a white light The LED arrangement inclvdre one or more white LEDs, a 

output from a light source. The use of incandescent bulbs 35 first drive circuit operable to supply a first drive current to 

and fiourcsccnt lamps have effectively provided such a white the one or more white LEDs such that a white light is output 

light or near white light output. However, there are signifi- at a desired intensity. The LED arrangement also includes 

cant drawbacks to the use of these types of light sources for one or more colored LEDs arranged such that a colored light 

illumination, such as fragility of the lights themselves and output from the one or more colored LEDs combines with 

their relatively short lifespan. With incandescent bulbs, for ^ the white light to produce a resultant light having a desired 

example, their output color temperature will shift toward the color temperature. A second drive circuit is provided to 

red end of the spectrum with a drop in line voltage. Also, supply a second drive current to the one or more colored 

changes in the output color temperature due to bulb aging LEDs such that the colored light is output at a desired 

are particularly problematic in color photography or cin- intensity. The intensity of the colored light output from the 

ematography applications where changes in color tempera- 45 one or more colored LEDs is adjustable such that the color 

ture due to aging over a very short period (Le., 48 hours of temperature of the resultant light is adjustable, 
operation) necessitate the frequent changing of very expen- In the preferred embodiments, the colored LEDs are either 

sive bulbs. amber LEDs, or a combination of red and yellow LEDs. The 

Because of the drawbacks in the use of incandescent and LEDs used can be either discrete LEDs or "chip-on-board" 

fluorescent lights, the use of LEDs for illumination has 50 LEDs. 

become increasingly popular. However, because LEDs use With this arrangement of LEDs and driver circuits, the 

semiconductor principles of operation to produce light, their color temperature of a white LED can be effectively adjusted 

light output is typically along a narrow wavelength band, without the output color temperature being sensitive to 

i.e., a single color output. Recent advances, however, have aging, fluctuations in ambient temperature and changes in 

resulted in LEDs which produce a near white tight output 55 drive current The ability of the present invention to effec- 

Presently, there are two methods utilized to output white tivety adjust the color temperature of the resultant light to 

light from LEDs. The first method uses triads of red, green, reduce the effects aging, fluctuations in ambient temperature 

and blue LEDs. This first method requires a very careful and changes in drive current is a result of utilizing the 

balancing of the brightness of each of the three colors to additive properties of light, as opposed to using sub tractive 

obtain a white light output Once the white light output is 60 properties, such as color filters and their attendant light 

established, an extremely fine adjustment is then required to losses. 

obtain the desired color temperature. This is because varia- Further, the LED arrangement of the present invention 

lions within a fraction of a percent in the intensity of any one allows for the adjustment of the color temperature over a 

color LED will result in a perceptible change in the overall wide range and achieves the desired color temperature even 

output color temperature of the white light. Further, as the 65 when the intensity of the light varies by several percent in 

fight output of the LEDs vary with a^, the ambient tern- either direction without causing a perceptible change in 

peraturc changes, and the drive current supplied to the LEDs color temperature. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the present invention 
will become apparent from the following description of 
embodiments of the invention which refers to the accom- 
panying drawings, wherein: 

FIGS. 1A and IB are plan views of various LED arrange- 
ment patterns according to a first embodiment of the present 
invention; 

FIGS. 2A and 2B are plan views of various LED arrange- 
ment patterns according to a second embodiment of the 
present invention; and 

FIGS. 3A and 3B are plan views of various LED arrange- 
ment patterns according to a third embodiment of the present 
invention; 

FIG. 4 is a schematic diagram of a constant current drive 
circuit for use with the LED arrangement of the present 
invention; 

FIG. 5 is a schematic diagram of a pulse width modulated 
current drive circuit, with active current limiting, for use 
with the LED arrangement of the present invention; and 

FIG. 6 is a schematic diagram of a pulse width modulated 
current drive circuit, with passive current limiting, for use 
with the LED arrangement of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

Referring now to the drawings, FIGS. 1A through 3B 
show plan views of various LED arrangements according to 
various embodiments of the present invention. In each of 
FIGS. 1A through 3B, the LEDs 130, 140, 150, 160 are 
shown as being mounted to a printed circuit board or other 
suitable substrate 120. In FIGS. LA through 3B, circles 
represent cylindrical, or discrete LEDs and rectangles rep- 
resent surface mount devices, or cmp-on-board devices. 
White LEDs are indicated by reference numeral 130 and an 
absence of any mark within the outline. Amber LEDs are 
indicated by reference numeral 140 and a dot (•) within the 
outline. Yellow LEDs are indicated by reference numeral 
150 and a cross (X) within the outline and red LEDs are 
indicated by reference numeral 160 and a star (*) within the 
outline. 

The white LEDs 130 are arranged on the substrate 120 so 
as to be driven by a first drive circuit, such as, for example, 
one of the circuits shown in FIGS. 4 through 6. The first 
drive circuit supplies a first drive current to the white LEDs 
130 such that a white tight is output at a desired intensity. 
The operation of the drive circuits will be described in 
greater detail below. 

The colored LEDs the amber 140, yellow 150 and/or 
red 160 LEDs) are arranged on the substrate 120 such that 
a light output from these one or more colored LEDs 140, 150 
and/or 160 combines with the white tight output from the 
white LEDs 130 to produce a resultant light having a desired 
color temperature. A second drive circuit, such, for example, 
one of the circuits shown in FIGS. 4 through 6, is connected 
to the colored LEDs 140, 150 and/or 160 so as to supply a 
second drive current to the colored LEDs 140, 150 and/or 
160 such that a colored light is output at a desired intensity. 
In the embodiments described below, the colored LEDs 140, 
150, 160 may be driven by one or more drive circuits such 
as those shown in FIGS. 4 through 6. For example, if only 
amber LEDs 140 are used as the colored LEDs, only one 
drive circuit may be needed. However, if both yellow and 
red LEDs 150, 160 are used as the colored LEDs, then the 
yellow and red LEDs 150, 160 may be arranged such that 
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only one drive circuit is needed to supply' the drive current 
thereto, or each of the yellow and red LEDs 150, 160 may 
be provided with their own independently adjustable drive 
circuits such that the drive current supplied to the yellow 

5 LEDs 150 is independently adjustable relative to the drive 
current supplied to the red LEDs 160. With either of these 
colored LED arrangements, the intensity of the colored light 
output therefrom is adjustable such that the color tempera- 
ture of the resultant light can be adjusted as desired. 

10 FIG. LA is a plan view of an array of white LEDs 130 
evenly spaced and interleaved with amber 140 LEDs of the 
same size. The array is repetitive and may be extended 
indefinitely in either direction. To achieve the desired color 
temperature, the drive current to the white LEDs 130 is held 

15 at a constant level and the drive current to the amber LEDs 
140 is adjusted until the desired color temperature is 
reached. This method effectively balances out the high 
output spike from the white LEDs 130 in the blue end of the 
spectrum without requiring the use of colored filter materi- 

20 als. In this embodiment, as in the others whose descriptions 
follow, the use of the white LEDs 130 with the addition of 
a warmer color (i.e., amber LEDs 140, or yellow and/or red 
LEDs 150, 160), results in a simpler and more tolerant 
adjustment of output white light than that which can be 

25 achieved with the red-green-blue LED array of the prior art. 
FIG. IB is a plan view of a staggered array of white LEDs 
130 and amber LEDs 140 of the same size. This embodiment 
is used where a more thorough mixing of the light is 
required, such as where the light source is closer to the item 

30 or target that is to be illuminated 

FIG. 2A is a plan view of another LED arrangement 
according to an embodiment of the present invention. As 
shown in FIG. 2A, the LED arrangement includes an array 

35 of evenly spaced 5 mm diameter white LEDs 130 wherein 
each white LED 130 is surrounded by four 3 mm diameter 
amber LEDs 140. This embodiment is used where the closer 
spacing afforded by the 3 mm devices permits a more 
compact design of the overall LED arrangement. The 

^ increased number of amber LEDs 140 in this embodiment is 
dictated by the lower light output of these smaller units. 

FIG. 2B is a plan view of a further embodiment of an LED 
arrangement of the present invention. As shown in FIG. 2B, 
the LED arrangement includes an array of evenly spaced 5 

45 mm diameter white LEDs 130 wherein each white LED 130 
is surrounded by alternating pairs of 3 mm red 160 and 
yellow 150 LEDs. This embodiment is used where a lower 
color temperature, Le., with a greater amount of light in the 
red portion of the spectrum, is required than is obtainable 

5q with the amber LED 140 embodiments. In this embodiment, 
the drive current to the white LEDs 130 is held constant and 
the drive currents to the yellow and red LEDs 150, 160 are 
adjustable together or independently of one another. 
FIG. 3A is a plan view of an LED arrangement wherein 

55 all the LEDs in the array are surface mount devices and a 
mixture of white LEDs 130 and amber LEDs 140 are used. 
FIG. 3B shows an LED arrangement similar to that of FIG. 
3A except that yellow LEDs 150 and red LEDs 160 are used 
in the array in place of the amber LEDs 140. The embodi- 

60 meats shown in FIGS. 3A and 3B are preferred where an 
extremely low profile lighting device is desired 

The operation of the various LED arrangements of the 
present invention will now be described in detail while 
referencing FIGS. 1A through 6. In the circuit diagrams of 

65 FIGS. 4 through 6, the LEDs are referred to generally as 
reference numeral 200. Reference numeral 200 represents 
either the white LEDs 130 or the colored LEDs 140, 150, 
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160 as provided within the drive circuit Id other words, changes or the forward voltage drop across the LEDs 200 

reference numeral 200 indicates the location of the white changes with time and/or temperature, the operational 

LEDs 130, the amber LEDs 140, or the yellow and/or red amplifier 60 will adjust its drive accordingly so as to 

LEDs 150, 160 within the drive circuit. maintain a constant current. 

With the present LED arrangement, the white LEDs 130 5 FIG. 5 snows a second type of current drive circuit for use 

are provided with a first drive circuit which supplies an with the LED arrangement of the present invention. In 

adjustable constant drive current thereto, while the colored particular, FIG. 5 shows a pulse width modulated drive 

LEDs (i.e., either the amber LEDs 140, or the yellow and red circuit with active current limiting . The circuit of FIG. 5 is 

LEDs ISO, 160) are provided with a second drive circuit basically the same as that of FIG. 4, except that the non- 

Tbe drive circuit for the white LEDs 130 preferably supplies 10 inverting input of the operational amplifier 60 is driven by 

a constant drive current to the white LEDs 130 and is positive-going pulses through a resistive voltage divider 80. 

preferably capable of being adjusted such that the intensity In other words, the voltage being used to determine the 

(brightness) of the emitted white light can be varied. The current is pulsed rather that being provided at a DC level In 

colored LEDs 140, 150, 160 are preferably provided with a this configuration, an additional resistor 90 and a diode 100 

second drive circuit which supplies a drive current to the 1S are connected in parallel with the scries string of LEDs 200. 

colored LEDs 140, 150, 160 which is also adjustable such The drive circuit of FIG. 5 permits the adjustment of the 

that the intensity of the output colored light can be varied current supplied to the LEDs 200, and thus the intensity of 

and thereby provide the proper mix of colored and white the light emitted by the LEDs 200. This circuit permits 

light so as to achieve the desired color temperature. adjustment by varying the duty cycle of a pulse stream 

Examples of suitable drive circuits and their operation will ^ driving the operational amplifier 60. In this circuit, the drive 

be described below with reference to FIGS. 4 through 6. to the FET 40 is established when the voltage across the 

FIG. 4 shows one type of current drive circuit for use with sense resistor 50 is equal to the amplitude of the input pulse, 

the LED arrangements shown in FIGS. 1A through 3B of the In this embodiment, the brightness of the LEDs 200 are 

present invention. In particular, FIG. 4 shows an adjustable determined by the average current through the LEDs 200. 

constant current drive circuit for a string of LEDs 200. In 25 For example, if the pulse is such that the FET 40 is 

FIG. 4, reference numeral 10 denotes a DC power source. conducting 50% of the time, the average current will be 12 

The DC power source 10 provides a positive voltage to the the peak current This type of brightness control is partial- 

uppermost anode 20 of the one or more LEDs 200. larly suitable when a microprocessor is used as a program- 

Preferably, the string of LEDs 200 are connected in series. mable control element to adjust the light output of the LEDs 

However, when more than ooc string of LEDs arc used, each 30 200. 

of the LEDs in the string can be connected in 110 series and When the operational amplifier 60 is operating from a 

then each string can be connected in parallel. Due to the single, positive supply voltage, its output can be a slightly 

differences in the forward voltage drops of different LEDs, positive voltage even though the pulse input voltage is zero 

the length of the series strings will be determined by the volts during the "off" portion of the duty cycle. This slight 

supply voltage. For example, in a 24 circuit, series 35 positive voltage causes FET 40 to conduct sufficient current 

strings of five white LEDs 130 would be paralleled and to permit the LEDs 200 to emit a small amount of light. At 

connected to their respective driver, and a series strings of a low current, the voltage drop across resistor 90 is much 

ten yellow or red LEDs 150, 160 would be paralleled and smaller than the forward voltage drop across the LEDs 200. 

connected to their respective driver For this reason, the LEDs 200 will be back-biased in this 

Returning to FIG. 4, the lowermost cathode 30 in the 40 condition and will turn off completely. . . . 

string of one or more LEDs 200 is preferably connected to Because the operational amplifier 60 and the FET 40 are 

the drain of an N channel field effect transistor (FET) 40. high speed devices, inductive spikes may be introduced at 

The source of the FET 40 is returned to the negative side of the leading and trailing edges of the drive pulse. The more 

the DC power source 10 through resistor 50. The gate of the distant the LEDs 200 are from the driver, and thus the longer 

FET 40 is driven by an operational amplifier 60. The 45 the connecting wires, the greater the spikes become in 

inverting input of the amplifier 60 is connected to the source amplitude. The addition of the diode 100 clamps the output 

of the FET 40, and the non-inverting input is connected to of the drive circuit to the supply voltage 10 to protect the 

a voltage source through variable resistive divider 80. LEDs 200 and the FET 40. The generation of the inductive 

The operational amplifier 60 provides a voltage propor- spike may be reduced by slowing down the switching speed 

tional to the desired LED current by the voltage divider 80. 50 of FET 40. This may be accomplished, for example, by 

By varying the voltage from the voltage divider 80, the placing a capacitor from the gate of the FET 40 to ground 

current is varied. In other words, the voltage from the (not shown). This may, however, result in undesirable 

voltage divider 80 sets the operating current tor the string of switching losses. 

LEDs 200. Hie operational amplifier 60 supplies a drive FIG. 6 shows a third type of current drive circuit for use 

voltage to the gate of the FET 40 causing it to conduct 55 with the LED arrangement of the present invention. In 

current When the voltage across the current sense resistor particular, FIG. 6 shows a pulse width modulated drive 

50 is equal to the voltage provided by voltage divider 80, the circuit with passive current limiting. The circuit of FIG. 6 is 

amplifier 60 maintains the drive voltage level. By selecting similar to that of FIG. 5, except that the operational amplifier 

the ratio of the two resistors comprising the voltage divider is omitted and FET 40 is driven directly by the positive- 

80, the desired output current can be selected and will 60 going pulses through a resistor 110. Accordingly, there is no 

remain constant, independent of changes in the output feedback in the circuit to maintain a constant current. This 

voltage of the DC source 10 or changes in the forward circuit is useful in applications where some current variation 

voltage drop of the LEDs 200. With this drive circuit, the is allowable and cost is a primary consideration. In this 

drive current of the LEDs 200 can be adjusted to a desired embodiment, the variation in current will be due primarily to 

level and held constant at that level. The nature of this drive 65 changes in the supply voltage. Accordingly, if the LEDs 200 

circuit is such that it will adjust its drive to maintain the are operated from a well-regulated power supply 10, the 

constant drive current. Thus, if the power supply 10 voltage current variations will be minor. 
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Id the drive circuit of FIG. 6, resistor 50 acts as a passive 
current limiter. This drive circuit can be used where the 
regulation of the LED current against changes in input 
voltage, forward voltage drop, etc, is not critical enough to 
justify more complex circuitry. Resistor 90 and diode 100 
are incorporated to prevent small leakage currents that may 
keep the LEDs 200 from conducting and to protect against 
inductive spikes. Resistor 110 protects the FET 40 from 
being overdriven. 

With the above arrangement of drive circuits and LED 
components* the light from one or more white LEDs can be 
adjusted to a color temperature between from about 
2500-5000 degrees Kelvin. In a preferred embodiment, the 
color temperature of the white light is set to about 3600 
degrees Kelvin. Additionally, because of the means used to 
achieve the lower color temperature described above, the 
intensity of the light can vary by several percent without 
causing a perceptible change in color temperature. 

Further, the above arrangement of drive circuits and LED 
components provides an additive means of producing white 
right having a lower color temperature with little or no color 
loss, rather than a subtractrve means such as that provided by 
use of colored filters and any attendant color losses associ- 
ated therewith. The above arrangement, by ensuring a con- 
stant drive current to the LEDs, significantly reduces the 
sensitivity of the resultant color temperature to aging, ambi- 
ent temperature, etc. 

Although the description above contains several specific 
patterns and mixtures of case sizes, shapes, etc, these should 
not be construed as limiting the scope of the invention but 
as merely providing illustrations of some of the currently 
preferred embodiments. For example, the LEDs may be 
arranged in circular or other shaped patterns. In some 
applications, the 3 mm and 5 mm cylindrical LEDs may be 
mixed with surface mount units to obtain a desired effect. 

Further, although various specific circuit configurations 
have been shown and described above, there are numerous 
driving circuits which can be utilized with the present 
invention, the specific design of winch will be evident to one 
of skill in the art given the detailed description herein. For 
example, each of the circuits described herein can be modi- 
fied to operate from an AC voltage source by designing the 
DC power source as an AC/DC converter. Also, even though 
not shown in the figures, the drive circuits can be configured 
to be manually adjustable or adjustable with a program- 
mable microprocessor. 

Thus, although the present invention has been described 
in relation to particular embodiments thereof, many other 
variations and modifications and other uses will become 
apparent to those drilled in the art It is preferred, therefore, 
that the present invention be limited not by the specific 
disclosure herein, but only by the appended claims. 

What is claimed is: 

1. A temperature adjustable LED arrangement compris- 
ing: 

at least one white LED; 

a first drive circuit operable to supply a first drive current 
to the at least one white LED such that a white light is 
output at a first intensity; 

at least one colored LED arranged such that a colored 
light is output from the at least one colored LED and 
combines with the white light to produce a resultant 
light having a color temperature; and 

a second drive circuit operable to supply a second drive 
current to the at least one colored LED such that the 
colored light is output at a second intensity, the second 
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drive 'circuit being adjustable so as to adjust a level of 
the second drive current supplied so as to vary the color 
temperature of the resultant light; wherein the color 
temperature of the resultant light is adjustable between 
5 about 2500 to about 5000 degrees Kelvin. 

2. The LED arrangement according to claim 1, wherein 
the first drive circuit is adjustable so as to adjust a level of 
the first drive current supplied to the at least one white LED 
so as to vary the brightness of the white light 
10 3. The LED arrangement according to claim 1, wherein 
the at least one colored LED is an amber LED. 

4. The LED arrangement according to claim 1, wherein 
the at least one colored LED is a combination of red and 
yellow LEDs. 

15 5. The LED arrangement according to claim 1, wherein 
the first drive circuit is a pulse width modulated drive circuit 
with active current limiting. 

6. The LED arrangement according to claim 5, wherein 
the second drive circuit is a pulse width modulated drive 

20 circuit with active current limiting. 

7. The LED arrangement according to claim 1, wherein 
the second drive circuit is a pulse width modulated drive 
circuit with active current limiting. 

8. The LED arrangement according to claim 1, wherein 
25 the first drive circuit is a pulse width modulated drive circuit 

with passive current limiting 

9. The LED arrangement according to claim 5, wherein 
the second drive circuit is a pulse width modulated drive 
circuit with passive current limiting. 

10. The LED arrangement according to claim 1, wherein 
the second drive circuit is a pulse width modulated drive 
circuit with passive current limiting. 

11. The LED arrangement according to claim 1, wherein 
the at feast one white LED is a discrete LED. 

35 12. The LED arrangement according to claim 11, wherein 
the at least one white LED is mounted on a printed circuit 
board. 

13. The LED arrangement according to claim 1, wherein 

the at least one white LED is a chip-on-board LED. 
40 14. The LED arrangement according to claim 1, wherein 

the at least one white LED comprises at least two white 

LEDs arranged in series. 
15. The LED arrangement according to claim 1, wherein 

the at least one colored LED is a discrete LED. 
45 16. The LED arrangement according to claim 15, wherein 

the at least one colored LED is mounted on a printed circuit 

board. 

17. The LED arrangement according to claim 1, wherein 
the at least one colored LED is a chip-on-board LED. 
^ 18. The LED arrangement according to claim 1, wherein 
the at least one colored LED comprises at least two colored 
LEDs arranged in series. 

19. The LED arrangement according to claim 1, wherein 
the color temperature of the resultant light is adjustable to 

55 about 3600 degrees Kelvin. 

20. A method of adjusting the color temperature of tight 
output from an LED arrangement, the method comprising: 

supplying a first drive current to at least one white LED 
such that a white light is output at a first intensity; 
go supplying a second drive current to at least one colored 
LED such that a colored light is output at a second 
intensity; 

combining the white light with the colored light to pro- 
duce a resultant light having a desired color tempera- 
65 ture; and 

adjusting the color temperature of the resultant light by 
adjusting the second intensity of the colored light; 
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wherein the color temperature of the resultant light is 
adjusted between about 2500 to about 5000 degrees 
Kelvin. 

21. The method of adjusting the color temperature of light 
output from an LED arrangement according to claim 20, 
wherein the color temperature of the resultant light is 
adjusted to about 3600 degrees Kelvin. 

22. A temperature adjustable LED arrangement compris- 
ing: 

at leas! one white LED; 

a first drive circuit operable to supply a first drive current 
to the at least one white LED such that a white light is 
output at a first intensity; 

at least one red LED arranged to output a red light that 
combines with the white light; 

a second drive circuit operable to supply a second drive 
current to the at least one red LED such that the red 
light is output at a second intensity; 

at least one yellow LED arranged to output a yellow light 
that combines with the white light and the red light to 
produce a resultant light having a color temperature; 

a third drive circuit operable to supply a third drive 
current to the at least one yellow LED such that the 
yellow light is output at a third intensity, 

the second drive circuit being adjustable so as to adjust a 
level of the second drive current supplied to the at least 
one red LED and the third drive circuit being adjustable 
so as to adjust a level of the third drive current supplied 
to the at least one yellow LED so as to vary the color 
temperature of the resultant light; wherein the color 
temperature of the resultant light is adjustable between 
about 2500 to about 5000 degrees Kelvin. 

23. The LED arrangement according to claim 22, wherein 
the at least one white LED is a discrete LED. 

24. The LED arrangement according to claim 23, wherein 
the at least one white LED is mounted on a printed circuit 
board. 

25. The LED arrangement according to claim 22, wherein 
the at least one white LED is a chip-on-board LED. 

26. The LED arrangement according to claim 22, wherein 
the at least one white LED comprises at least two white 
LEDs arranged in series. 

27. The LED arrangement according to claim 22, wherein 
the at least one red LED and the at least one yellow LED are 
discrete LEDs. 

28. The LED arrangement according to claim 27, wherein 
the at least one red LED and the at least one yellow LED are 
mounted on a printed circuit board. 

29. The LED arrangement according to claim 22, wherein 
the at least one red LED and the at least one yellow LED are 
chip-on-board LEDs. 

30. The LED arrangement according to claim 22, wherein 
the at least one red LED comprises at least two red LEDs 
arranged in series. 
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31 . The LED arrangement according to claim 30, wherein 
the at least one yellow LED comprises at least two yellow 
LEDs arranged in series. 

32. The LED arrangement according to claim 22, wherein 
5 the first drive circuit is adjustable so as to adjust a level of 

the first drive current supplied to the at least one white LED 
so as to vary the brightness of the white right. 

33. The LED arrangement according to claim 22, wherein 
the color temperature of the resultant light is adjustable to 

10 about 3600 degrees Kelvin. 

34. A temperature adjustable LED arrangement compris- 
ing: 

at least one white LED which outputs a white light; 

15 at least one colored LED which outputs a colored light, 
the at least one colored LED being arranged at a 
distance from the at least one white LED such that the 
output colored light combines with the output white 
light to produce a resultant light having a color tem- 

20 perature; wherein the color temperature of the resultant 
light is adjustable between about 2500 to about 5000 
degrees Kelvin. 

35. The LED arrangement according to claim 34, wherein 
an intensity of the output colored light is adjustable so as to 

25 vary the color temperature of the resultant light. 

36. The LED arrangement according to claim 34, wherein 
the at least one colored LED is a chip-on-board LED. 

37. The LED arrangement according to claim 34 wherein 
the color temperature of the resultant light is adjustable to 

30 about 3600 degrees Kelvin. 

38. The LED arrangement according to claim 35, wherein 
an intensity of the output white light is adjustable so as to 
vary the brightness of the resultant light 

39. The LED arrangement according to claim 34, wherein 
35 an intensity of the output white light is adjustable so as to 

vary the brightness of the output white light 

40. The LED arrangement according to claim 34, wherein 
the at least one colored LED is an amber LED. 

41. The LED arrangement according to claim 34, wherein 
40 the at least one colored LED is a combination of red and 

yellow LEDs. 

42. The LED arrangement according to claim 34, wherein 
the at least one white LED is a discrete LED. 

43. The LED arrangement according to claim 42, wherein 
45 the at least one white LED is mounted on a printed circuit 

board. 

44. The LED arrangement according to claim 34, wherein 
the at least one white LED is a chip-on-board LED. 

45. The LED arrangement according to claim 34, wherein 
50 the at least one colored LED is a discrete LED. 

46. The LED arrangement according to claim 45, wherein 
the at least one colored LED is mounted on a printed circuit 
board. 

***** 



02/11/2004, EAST Version: 1.4.1 



United States Patent 

Grossman *t ah— — • 



[19] 



US006127784A 
[n] Patent Numben 6,127,784 
[45] Date of Patent: ***** Qctt>3,-2000 



[54] LED DRIVING CIRCUITRY WITH 

VARIABLE LOAD TO CONTROL OUTPUT 
LIGHT INTENSITY OF AN LED 

[75] Inventors: Hyman Grossman, Lambertvilk; John 
Adinolfi, Milltown, both of NJ. 

[73] Assignee: Dia light Corporation, Manasquan, N J. 

[21] Appi. No.: 09A44>097 
[22] Filed: Aug. 31, 1998 

[51] Int CI. 7 G05F 1/00 

[52] US. CL 315/159; 315/112; 315/117; 

315/158; 315/307 

[58] Field of Search 315/50, 112, 117, 

315/118, 224, 225, 291, 307, 151, 159, 
158; 363/89, 80 

[56] References Cited 

U.S. PATENT DOCUMENTS 

3,705,316 12/1972 Buirous et aL 307/311 

4,463,284 7/1984 Tannira et al — 315/151 

5,229,870 7/1993 Inoguchi 358/475 

5,406,172 4/1995 Bennett . - 315/112 

5,623,139 4/1997 Stiski 250/205 

5,661,645 8/1997 Hochstein - - — 363/89 

5,783,909 7/1998 Hochstein .. > 315/159 

5^34,908 11/1998 Bo land ct aL 315/307 

FOREIGN PATENT DOCUMENTS 

63-178221 7/1988 Japan. 



OTHER PUBLICATIONS 

"Temperature Compensation Circuit for Constant LED 
Intensity" Application Brief 1-012; Hewlett Packard. 

"Digital Feedback Light-Emitting Diode Control" by D.C. 
Thomas, Jr. and W.O. lyndall, Jr. IBM Technical Disclosure 
Bulletin vol. 16 No. 8 Jan. 1974, pp. 2598-2600. 

Primary Examiner — Don Wong 
Assistant Examiner — Wilson Lee 

Attorney, Agent, or Finn— Obion, Spivak, McClelland, 
Maier & Neustadt, PC. 

[57] ABSTRACT 

Circuitry for driving an LED array and a lamp including 
such circuitry. A fixed current source outputs a fixed current 
to an LED array. A variable load is provided in parallel to the 
LED array to also receive an output from the fixed current 
power supply. The variable load senses a condition affecting 
a luminous output of the LED array and varies an impedance 
based on this sensed condition. This variable load may 
typically include a thermistor or a photodetector. As the 
impedance of the variable load changes, current diverted 
from the LED to the variable load changes. Thereby, current 
supplied to the LED array, and thereby the intensity LED, 
can be controlled based on the impedance changing element 
in the variable load 
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1 . 2 

I^DDWVINGCIRCUITOY'WITH ■ • SUMMARY OF THE INVENTION ' 

VARIABLE LOAD TO CONTROL OUTPUT . ... 

LIGHT INTENSITY OF AN LED fo one embodiment the present invention achieves these 

objects by forming a variable load in parallel to an LED 

BACKGROUND OF THE INVENTION 5 array to be driven. This variable load has the property that 

1 Field of the Invention ™ e current drawn by the variable load varies based on a 

' . . .... , . __ , , sensed parameter — for example, based on the sensed tem- 

The present invention is directed to an LED lamp and a ^ at the led ^ or ^ xosed mteQsity of ^ 

dnvtng cucuit to dnwe an LED arrayMore parbcularly, the by the LED array. This variation in current absorbed 

P .,^1 lf ireCte ?^ an LEDU T panda dnv ! n « by the variable load changes the amount of anient provided 
circuit jtach can dnve an LED array with a compensanon 10 to the LED array, to thereby control the luminous output of 

for conditions which change luminous output of the I PH ^ ^ r 
array. This invention can find particular application where 

the LED array is utilized in a device such as a traffic signal BRIEF DESCRIPTION OF THE DRAWINGS 
or another indicating signal. 

2. Discussion of the Background 15 A more complete appreciation of the present invention 

The use of LED arrays in indicating devices, such as and many of the attendant advantages thereof will be readily 

traffic signals, is known. One drawback with using LEDs in obtained as the same beam better understood by refer- 

an indicator such as a traffic signal is that luminous output cnce to mc foUowm ? ^tailed description when considered 
of an LED degrades with both time and increasing tempera- 7n m conncct,on ^ te accompanying drawing, wherein: 

ture. For red LEDs degradation with respect to temperature RG - 1 shows one implementation of an LED lamp and 

will typically result in a loss of approximately one percent driving circuit according to the present invention; and 

of intensity of the LED with every one degree centigrade FIG. 2 shows a detailed description of a variable load of 

increase in temperature. Conversely, as temperature FIG. 1. 
decreases, intensity of light output by an LED increases. 

Moreover, LEDs gradually degrade over time, and thus DESCRIPTION OF THE PREFERRED 

become dimmer as they get older. EMBODIMENTS 

One known system senses a ^te^mpenmire at the LED or Referring now to the figures, wherein like reference 

senses a hght output at the LED, and utilizes the sensed numerals designate identical or corresponding parts 

temperature or sensed light output as a feedback to apower ^ throughout me several views, a pictorial example of tfaeLED 

supply. Such a system is disclosed in US Pat. No. 5,783, lamp and LED driving circuitry of toe present invention is 

909 to Hocbstein. This patent discloses (1) sensing either disclosed. 

temperature at an LED or intensity output of an LED, (2) n/ , . . f _ . . A c . 

feeding back the sensed tenmerature or mtensity to a power F1G * 1 ^ lamp 10 of *** P" 2 **' mvcntlon 

supprv and (3) then increasing or decreasing an averaee connected to a traffic signal load switch 12, which in turn is 

current output by the poweYs^pply ba^orTany mcreaseor 35 connected to an AC power line. This disclosed embodiment 

decrease in temr^ratuie at the LED or any increase or m the present invention is directed to the LED lamp 10 being 

decrease in the hght output of the LED. utilized m an L£D traffic signal or sirnflar LED indication 

_ . . , . . r . „ _ . __ . signaL The LED lamp 10 includes a fixed current source 14 

One drawback with such a system as disclosed in Hoch- supplying power to both a variable load 20 and an LED array 

stein is that such a system may not operate properly at low 40 \g 

temperatures As a specific example, a traffic signal is _ c , „ 
normally switched on and off by solid state relays-Tbese . ™ e **** a ^ lmt 14 «"» ******** of output- 
relays may have a minimum current below which the relays *"* ***** P" 1 ^ or a direct current. If the fixed current 
cannot operate reliably. Utilizing a feedback operation such ^ V* ***** P ukes > £«* will be of a fixed 
as in the device of Hocbstein results in the following 45 am P Utude j f nd M^ocy. If the fixed current source 14 
problems during low temperature operation of the LED out P uUi a current » me c"™" ^ «* constant - 
array. The fixed current source 14 is connected to the traffic 

Because of the feedback operation in the device of sisfuX _ load switch 12 ^ traffic load swih* U 

Hocbstein, at a low temperature a small total current is provides power to one or more LED indication signals — Le., 

supplied to drive an LED array since the LED array is very 50 J? on f or l more LED lamp 10. The AC voltage from the AC 

bright at the low temperature. The total current supplied to » delivered through the traffic agnal load 

the LED array may as a result cause the current through the swUcb 12 » ,he faed currcnt soam 14 of the LED lamp 10. 

load switch to fall below the minimum current required for The variable load 20 and the LED array 18 are arranged 

the solid state relays to properly operate. In traffic signals it m parallel, and thereby any current absorbed by the variable 

is also desirable to reduce lamp intensities at low tempera- 55 load 20 is diverted from the LED array 18. Consequently, by 

tuxes while maintaining an input current to be compatible varying the impedance of the variable load 20, the current 

with a lamp controller. The device of Hocbstein does not passing through the LED array 18 is varied, and as a result 

address problems of controller compatibility. die intensity of light output by the LED array 18 is varied. 

OBJECTS OF THE INVENTION „ This variable loadM incudes at least one ekment which 

60 senses a condition which affects the output light mtensity of 

Accordingly, one object of the present invention is to the LED array 18. For example, this variable load 20 can 
provide novel drive circuitry for an LED array which can include either a thermistor circuit or a photodetector, pro- 
overcome the drawbacks in the background art. vided that the thermistor or photodetector is configured to 

A further and more specific object of the present invention provide a variable impedance load. In one embodiment, this 

is to provide a novel drive circuit for an LED array in which 65 variable bad 20 includes a thermistor circuit which has a 

the current supplied to the LED array can be compensated variable impedance based on temperature. As a temperature 

for without the use of a feedback circuit. increases, the resistance of the thermistor decreases, and this 
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results in an increase in the impedance of the variable load As noted above, an LED may have a response to temperature 

20, as discussed in further detail below. As a result, more of losing approximately 1% of light output per degree 

current is diverted to the LED array 18. Thus, as the centigrade, which is a non-linear response, and a thermistor 

temperature at LED array 18 increases, the current supplied has a similar non -linear response. The shaping circuit 26 

to the LED array 18 increases to maintain the luminous 5 should select the active and passive components therein to 

intensity of the LED array 18. A similar operation can be address this non-linear quality of the LED array 18 and the 

affected if the variable load 20 includes a photodetcctor as critical parameter sensor 28. 

a variable impedance element which monitors light output Further, in the context of temperature compensation the 

by the LED array 18. shaping circuit 26 is constructed to provide a low stop to 

The above-identined operations can be summarized as 1° cnsurc ^ * c variablc ^ 20 always absorbs a certain 

follows. As temperature at LED array 18 increases or light current to cnsure ^ to P ct operation of the LED array 18. As 

output by LED array 18 decreases, the impedance of the DOted above, if the current supplied to an LED falls below 

variable load 20 increases. Thereby, more current from the a CCTtain level » me performance of the LED becomes unpre- 

fixed current source 14 is diverted to the LED array 18 so Actable. This is a drawback in the background art which 

that the current passing through the LED array 18 increases, 15 utilizes a feedback such that at low temperatures the current 

and as a result the ilhiminance of the LED array 18 provided to an LED can drop to such a low level as to cause 

increases. Thereby, any loss of illumination in the LED array crratic Animation of the LED. Further, at low temperatures 

18 which results from an increase in temperature is com- a carrcnt g ene rated ma y he too low to switch the solid state 

pensated for. When a photochodc is used in the critical on and off relays controlling a traffic signal. For this reason, 

parameter sensor 28, any loss of intensity due to aging of the 20 the shaping circuit 26 should include a resistance in parallel 

LED array 18 is compensated for as well " with the critical parameter sensor 28 so that the reference 

FIG. 2 shows a detailed explanation of the structure of the u^^^^^^^ T" 

variable load20. htDr ° n ? t ^T^^f' 

ensures that the impedance of the variable load 20 does not 

As shown in FIG. 2, the variable load 20 includes a M drop too low and that the variable load 20 does not absorb 
voltage regulator 22. The voltage regulator 22 may typically too great a current at this low stop value, 
be a ^terminal voltagejr^tor^for example model num- ^ te circuit of RG 2, in the example that the critical 
ber LM 317 manufactured by National Semiconductor p^eter sensor 28 mdudes a thermis tor, the operation is as 
among others, or an equivalent voltage regulator. An output folk)WS . a, a low temperature, the impedance of the ther- 
from the fixed current source 14 is supplied to the voltage mjsUx of the critical parameter sensor 28 wul be very high, 
regulator 22 as the ^current ^m audit is also supplied to the However, as noted above the shaping circuit 26 inchidef a 
UBD array 18 as shown in FIG. 1. Tne variable load 20 also rcsistancc ^ parallel ^ the therLstor of the critical 
nicludes a sense res*tor 24 at an output of the voltage parameter sensor 28 such that even if the critical parameter 
regulator 22. Formed across the sense resistor 24 is a 28 has an extremely high impedance, current still 

shamng circuit 26. A critical par amcter sensor 28 provides 35 flows through the shapmg circuit 26 to the REF tcrrninal of 
an input to the shaping circuit 26. Tbccnncal parameter the voltage regulator 22. Tnis ensures that the voltage input 
*5 ** a t ^ nmSt " l °L* P**^* 0 * J** to the reference terminal REF of the voltage reguktoT22still 
variable impeoance as discussed above^Tne output of the maint ains a minimum value, so that the "current our is not 
sloping circuit 26 is then fed back to the voltage regulator trx> high. Inis results in the variable load 20 mamtaining an 

40 overall minimum impedance — i.e., the overall impedance of 

The elements forming the shaping circuit 26 arc used to the variable circuit 20 does not fall below a predetermined 
model characteristics of the critical parameter sensor 28 as level. This results in a minimum current always passing 
discussed further below. The voltage regulator 22 is config- through the LED array 18. If the shaping circuit 26 is not 
ured in this embodiment to form a linear current regulator. appropriately configured with a low stop as discussed above. 
It is well known that a linear current regulator can be made 4S men the impedance of the variable load 20 may drop to too 
from a commonly available 3-terminal voltage regulator 22 low a level In that case, too much current will be diverted 
such as noted above. Such a voltage regulator forms a linear from the LED array 18. As noted above, if the LED array 18 
current regulator by placing the low value current sense does not receive an adequate driving current, illumination of 
resistor 24 in series with the output of the voltage regulator the LED array becomes unpredictable. 
22 and feeding back a voltage developed across the sense 50 Conversely, under very high temperature conditions the 
resistor 24 to a reference terminal REF of the voltage impedance of the thermistor in the critical parameter sensor 
regulator 22. In the embodiment shown in FIG. 2 the shaping 28 becomes very low. The voltage then input to the reference 
circuit 26 is used to moderate this feedback. The shaping terminal REF of the voltage regulator 22 becomes very high, 
circuit 26 is formed of active and passive circuitry as and as a result the "current out" is restricted Thus, the 
necessary to vary the signal presented to the REF terminal 55 variable load 20 in this high temperature operation takes on 
of the voltage regulator 22. As the voltage generated or a very high impedance. This ensures that more current is 
inrpedance of the critical parameter sensor 28 changes, the diverted from the fixed current source 14 to the LED array 
reference voltage applied to the REF terminal of the voltage lg to increase the current passing through the LED array 18, 
regulator 22 wfll vary. to compensate for any temperature induced losses in inten- 

The actual active and passive components forming snap- 60 sity of light output by the LED array 18. No high stop 
ing circuit 26 will vary based on the other components in structure is required in the present invention since even if the 
LED lamp 10 and desired characteristics for LED lamp 10. variable load 20 has an infinite resistance, this will only 
However, the shaping circuit 26 should perform certain result in the LED array 18 receiving all of the current output 
functions. First, the shaping circuit 26 should be constructed from the fixed current source 14. The fixed current source 14 
to compensate for the non-linear response of the LED array 65 then should be selected to output a fixed current which if 
18 to temperature and any non-linear properties of a ther- totally applied to the LED array 18 does not damage the 
mistor or photodetcctor as the critical parameter sensor 28. LED array 18. 
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The above discussion bias focused oo an example in which 
the critical parameter sensor 28 is a thermistor. Similar 
operations as noted above also are effectuated if the critical 
parameter sensor 28 is a photosensor which has a variable 
impedance based on a detected light output 

If the critical parameter sensor 28 is a thermistor, this 
critical parameter sensor 28 should be placed closed enough 
to the LED array 18 to determine the temperature at the LED 
array 18. If the critical parameter sensor 28 is a 
photodetector, this photodetector should be placed near the 
LED array 18 to receive an indication of light output by the 
LED array 18. Further, if the critical parameter sensor 28 is 
a photodetector, the photodetector should be appropriately 
shielded from ambient light so that the photodetector only 
detects the intensity of light output by the LED array 18. 

Also, the present invention can be applied to any driving 
circuit for any number of LEDs and arrays of LED, and it is 
not limited to driving one LED array. 

Obviously, numerous modifications and variations of the 
present invention are possible in light of the above teach- 
ings. It is therefore to be understood that within the scope of 
the appended claims, the present invention may be practiced 
otherwise than as specifically described herein. 

We claim: 

1. Apparatus for indicating signals comprising: 

(a) an LED array; 

(b) a fixed current source which, in use, outputs a fixed 
current; and 

(c) a variable load electrically connected in parallel to the 
LED array, said variable load including a parameter 
sensor which has a variable impedance based on a 
condition affecting luminous output of the LED array, 
said LED array and said variable load both receiving, 
in parallel electrically, said fixed current output of said 
fixed current source. 

2. The driving circuit according to claim 1, wherein: 

(a) said the parameter sensor is a thermistor, and 

(b) the condition is the temperature at the LED array. 
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3. The driving circuit according to claim 1, wherein: 

(a) said parameter sensor is a photosensor, and 

(b) the condition is an intensity of light output of the LED 
array. 

4. The driving circuit according to claim 1, wherein said 
variable load further includes a shaping circuit having a 
resistance in parallel to said parameter sensor. 

5. The driving circuit according to claim 4, wherein said 
variable load further includes a voltage regulator which, in 

1 use, receives the fixed current from said fixed cum 
and receives an output of said shaping circuit as a feedback 
reference voltage. 

6. Apparatus for indicating signals comprising: 

(a) an LED array; 

(b) means for supplying a fixed current; and 

(c) means for varying an impedance, including a param- 
eter sensor, in parallel electrically to the LED array 
based on a condition affecting luminous output of the 

20 LED array, said LED array and said means for varying 
an impedance both receiving, in parallel electrically, 
said fixed current output of said means for supplying a 
fixed current. 

7. The driving circuit according to claim 6, wherein: 

25 (a) said means for varying an impedance includes a 
thermistor, and 
(b) the condition is the temperature at the LED array. 

8. The driving circuit according to claim 6, wherein: 

30 (a) said means for varying an impedance includes a 
photosensor, and 
(b) said condition is the intensity of light output of the 
LED array. 

9. The driving circuit according to claim 6, wherein said 
35 means for varying an impedance includes a shaping circuit. 

10. The driving circuit according to claim 9, wherein said 
means for varying an impedance further includes a voltage 
regulator which, in use, receives the fixed current from the 
means for supplying a fixed current and receives an output 

40 of said shaping circuit as a feedback reference voltage.. . 

• ♦ ♦ * ♦ 
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